Nicotinamide is a part structure of DPN (diphospho-pyridine-nucleotide) which is the coenzyme of various kinds of dehydrogenases. Many studies have been made on the derivatives of nicotinamide indicating that they have vitamin-like activities. Karrer and his coworkers (4,5,6) stated that 3-carbamylpyridinium-halide (A) can be reduced with hyposulfite in weak alkaline solution, and further oxidized by yellow enzyme to its original structure, and that the difference between the spectrometric properties of (A) and (B) type compounds is similar to the relation between DPN and reduced DPN.
This reaction is most important in the coenzyme activities of DPN.
Therefore interests of many people were attracted to the problem of whether or not (A) type compound can substitute DPN. Actually, many workers examined DPN-like activities of (A).
So far, (A) compounds having R=-CH3, -C2H5, -C3H7, -C4H9 and the like have been the object of these studies.
However, these substances have been confirmed to be unable to show vitamin-like activities at least when added at the concentrations of 10-4M orr lower(2,3,7). So far studies, the DPN-like activities, of radical R of the compounds, varied depending on the difference in the length of alkyl group. Further studies were made on whether or not the active position of such compounds can accept hydrogen from substrates in the presence of hydrogenase.
Namely, it was tried to see if these compounds can have coenzymic activity similar to DPN in the following dehydrogenase system : (Resting bacteria of Staphylococcus)+(Substrates)
The results are shown in Table 1 . It was revealed that these (A) type compounds could not substitute DPN under these conditions. Therefore, it was considered that these substances can not take the place of DPN as codehydrogenase and that they can not exert DPN-like coenzyme activities in vivo.
On the other hand, when vitamin-like activities of these compounds on Staphylococcus aureus "Terashima" strain and Shigella sonnei "Wataraye" strain were examined, it was found that, while (I) and (II) (as indicated in Table 2 ) were ineffective, as so far reported, at the concentrations of 10-4 or lower, (III), (IV) and (V) showed clear-cut vitamin activities, substituting nicotinamide, at the concentrations higher than 10-5M in case of Staphylococcus and 10-6M in case of Shigella sonnei.
It is obvious from the previous experiment that these compounds can not substitute the coenzyme. Therefore, one of the following three explanations may account for the results obtained here. First, nicotinamide is contained as impurities in the samples ; second, N-R bond is broken, releasing nicotinamide during incubation ; and third, the compounds themselves show, by some unknown reasons, ostensibly vitamin-like activities. The first possibility can be eliminated by the following facts.
Namely, (A) type compounds used in the present experiments were purified by more than seven times of recrystallization and their elemental analysis fit their calculated values to such extent, that no more than 0.5% nicotinamide can possibly be contained as impurity.
Otherwise, much greater error would have been made in the analytical values of nitrogen and halogene, especially in (III), (IV) and (V). On the other hand, unless more than 1 % nicotinamide is contained as impurity, the above observation of the growth promotion of dysentery bacillus can not been seen. Furthermore, as shown in Table 3 , the extent, to which each of (III), (IV) and (V) compounds is effective as vitamin-like substance, varied depending upon the species of bacteria.
These three points may be sufficient to exclude the first possibility. Secondly, if the N-R bond is broken during the period of cultivation, nicotinamide released would be used as vitamin and, with the elapse of time, it would give the same effect as nicotinamide is given from the beginning. However, when used at the concentrations lower than 10-5M, no such effect was demonstrated even after 5 days of incubation in each case. Thus, the second possibility is also denied.
The third possibility to say that the compounds themselves exert, by some unknown reasons, ostensible vitaminlike activities on bacteria might be the most probable explanation.
It was previously reported by Mizuno and Tamura(9) that the ostensible vitamin-like activity of pyridine-3-sulfonic acid is due to the fact that it inhibits the destructive enzyme of DPN. The similar mechanism can be considered to exist in the compounds (III), (IV) and (V). In order to clear out this point, further studies are now being carried out. EXPERIMENTAL I. Synthesis 0.1-0.2g of nicotinamide was dissolved in anhydrous methanol, added with 0.2-0.3g of each halogen compound, heated on water bath for 2 hours, and then methanol was distilled off. The residue was recrystallized in 50% alcohol more than 7 times. The yield varied depending upon the radical but was in an average, approximately 50mg in extra pure form. Samples for spectrometric examination of the original and orthocyanide forms of each compound were prepared by adding 0.3cc of their 10-3M water solution to 2.7cc of distilled water or 1 M of KCN solution.
Beckman's photometer was used for this examination. Measurement of spectrum was done with the wavelength intervals of 5-10mgu. As control solution, distilled water or 1 M KCN solution was used. In the case of orthocyanide form, the samples were examined following Colowick and Kaplan(1), three minutes after preparation. DPN used as control was prepared from baker's yeast by Williamson and Green's method(10), its purity being 77% when tested by orthocyanide method. The results are shown in Fig. 1 .
III. DPN-like activity in dehydrogenase system DPN-like activity of the compounds (I-V) was examined in several dehydrogenase systems where DPN is known to act as coenzyme. As enzyme, intact Staphylococcus aureus "Terashima" was used. It was cultured on Knight's medium (containing 10-7M of nicotinamide) for 24 hours, harvested, washed with saline three times, suspended in phosphate buffer solution (pH 7.2), and diluted with the same buffer solution so that the time of reaction could be expected to be around 20 minutes.
The following system shows an example for the systems to be used. M/15 Phosphate buffer 1.5cc, M/100 Glucose 0.5cc, Bacterial suspension 0.5cc, 10-3M Nicotinamide were prepared, and their absorption spectra of the oxidation and reduction types were compared. The difference between the two types were not so large as at DPN.
2) Whether these synthetic compounds substituted with DPN in a few dehydrogenase system was examined but no such substitution was found to occur. 4) Few considerations were offered as to the cause of the phenomenone as given in (3), in spite of experimental results obtained as iterated in (1) and (2).
